Subarachnoid hemorrhage occurs in both mature and premature babies, while intraventricular/ periventricular hemorrhages are very common in preterm babies and decrease with gestation age. '-6 Although considerable effort has involved study of the effects of perivascular blood on adult cerebral vessels and on the etiology of perinatal cerebral hemorrhages, little study of the secondary effects of perivascular blood has been made in neonates. Such hemorrhages result in serious lifelong neurological complications. 1"3,4 Chronic vasospasm is one of the most serious complications in adult patients with subarachnoid hemorrhage, resulting in regional changes in cerebral blood flow, zones of cerebral ischemia, and infarction.78 Together with other delayed effects of hemorrhage, such as altered cerebral vascular responsiveness to physiological stimuli, these changes may play a role in the impairment of neurological function that often develops in patients with this injury. [7] [8] [9] Presently, there are no data on cerebral arteriolar diameter changes after exposure to extravascular blood in newborns. Arterioles on the cerebral surface (pial arterioles) are of great interest because, as major resistance vessels, they contribute to control of cerebral See Editorial Comment, page 1734 blood flow. Previous data from our laboratory demonstrate that chronic subarachnoid placement of autologous blood for 1 to 4 days in newborn pigs affects the exposed arterioles.10"'1 These effects include altered responses to some vasoconstrictor neurotransmitters (norepinephrine) without substantial influence on responses to others (acetylcholine).10 Cerebrovascular dilatory responses to hypercapnia and hypotension are attenuated by chronic blood placement around pial vessels," while short exposure to blood (3 The head was immobilized, and a hole 2 cm in diameter was cut in the skull over parietal cortex. The dura was cut and reflected over the bone. Clotted blood on the brain surface was removed when necessary, and the brain was flushed with aCSF. A stainless steel and glass cranial window was placed in the hole and fixed to the skull with dental acrylic. The space under the window was filled with aCSF through ports incorporated into the sides of the window. The aCSF composition was (in mmol/L): KCl 3.0; MgCl2 1.5; CaCl2 1.5; NaCl 132; urea 6.6; dextrose 3.7; and NaHCO3 24.6. The aCSF was warmed to 37°C and bubbled with gas mixture of 6% CO2 and 6% 02 in N2 and showed pH, Pco2, and Po2 in the range of 7.33 to 7.44, 41 to 46 mm Hg, and 43 to 50 mm Hg, respectively. The volume of fluid directly under the window was -500 ,uL and was contiguous with the periarachnoid space. Pial arteriolar diameter was measured with a videomicrometer coupled to a television camera mounted on the microscope and a video monitor. Using the cranial window technique we were able to measure pial arteriolar diameters and sample cortical periarachnoid CSF for examination of cerebral production of prostanoids and leukotrienes.
Specific Protocols
To determine the effects of perivascular blood on pial arterioles and prostanoid and leukotriene production, all animals were divided into four groups: (1) sham control group (n=15), in which aCSF was injected subdurally; (2) 48 hours (n=14) after subdural blood injection; (3) 72 hours (n= 10) after blood injection; and (4) 96 hours (n=9) after blood injection.
Before the experiment the space under the cranial window was flushed several times with aCSF, and animals were allowed to rest for 20 minutes. All pial arterioles greater than 60 ,um in diameter under the window (typically five to eight) were measured in each animal. To determine diameter, measurements were taken every 2 minutes for 10 minutes. Cerebral production of prostanoids and leukotrienes was examined by analyzing cortical periarachnoid CSF collected from beneath the cranial window. CSF collection involved placing aCSF under the window for 10 minutes. At the end of the 10-minute period, 300 ,uL CSF was sampled from under the window by slowly infusing aCSF into an inlet port of cranial window and allowing the cortical CSF to drip freely into a collection tube from an outlet port. Immediately after collection, cortical CSF samples were frozen and stored at -60°C before assays for prostanoids and leukotrienes.
Prostanoid Assays
Concentrations of 6-keto-PGFl, (the hydrolysis product of prostacyclin), PGE2, PGF2a, and TxB2 (the hydrolysis product of TxA2) in the cortical CSF were determined by radioimmunoassay, as previously described in detail.12 Antibodies to the prostanoids were produced in rabbits immunized with prostanoids coupled to thyroglobulin using the mixed anhydryde method. Cross-reactivities of our antibodies with other known, biologically relevant prostanoids were all minimal (less than 1%). Moreover, target ligands were not displaced from the antibodies by arachidonic acid (20 ,g/mL); 5-hydroxyeicosatetraenoic acid (HETE) or 15-HETE (1 ,g/mL); leukotriene (LT) B4, LTC4, LTD4, or LTE4 (5 ,g/mL); or lipoxin A4 or lipoxin B4 (10 ng/mL). After incubation of CSF samples with the appropriate tritiated prostanoid and antibodies, the free tracer fraction was separated from the fraction bound to antibodies using dextran-coated charcoal. Standard curves were constructed with determination of secondorder regression of tracer bound to antibody versus unlabeled prostanoid by the least-squares method. All unknowns were assayed at three dilutions, with parallelism between the unknown dilution curve and the standard curve required. The assay allowed analysis of prostanoid concentrations between 100 and 50000 pg/mL. (Table) . The average pial arteriolar diameter in the control group of piglets was compared with the average diameter of pial arterioles exposed to blood 48, 72, and 96 hours after subdural blood administration. The average diameter of pial arterioles on the cerebral surface exposed to blood for 48 to 96 hours was significantly smaller than the diameter in the control group of piglets (Fig 1) . The decreases in average pial arteriolar diameter were 21+3%, 27+5%, and 23+4% below the control level at 48, 72, and 96 hours of exposure, respectively.
The percentage of the largest pial arterioles (greater than 200 ,um) was decreased from 13 +3% in the control group to 2% to 4% after 48 to 96 hours' exposure to blood (Fig 2) . The percentage of small arterioles (60 to 100 gm) was increased from 32±5% in the control group to 51+9% and 55±7% at 72 and 96 hours after blood installment, respectively (Fig 2) . Therefore, there was a shift of distribution in pial arterioles toward smaller arterioles with transitional changes in intermediate groups after prolonged exposure to perivascular blood.
Prostanoids and Leukotrienes in Cerebrospinal Fluid After Subdural Blood Administration
No changes in the concentrations of 6-keto-PGF,a or PGE2 were detected in any of the experimental groups of piglets 48 to 96 hours after subdural blood administration when compared with the control group (Fig 3) . In contrast, concentrations of all three vasoconstrictor eicosanoids measured (TxB2, PGF2a, and LTC4/D4/E4/ F4) were increased after installation of blood on the brain surface (Fig 4) . The increases in TxB2 and PGF2a were relatively modest, with approximate doubling 72 and 96 hours after blood administration and with apparent but not significant increase at 48 hours. The increases in leukotrienes were much larger. Whereas CSF leukotriene levels in the control group of piglets were less than 80 pg/mL and no increase was noticed through the first 48 hours of blood exposure, peptidoleukotriene levels were increased to 410±200 and 611±340 pg/mL 72 and 96 hours, respectively, after blood administration.
Discussion
Our present data on pial arteriolar constriction after prolonged contact with blood are the first evidence of vasoconstriction following experimental subarachnoid 160 Chronic vasospasm, which develops as a result of intracranial bleeding, is one of the most serious complications in adult patients with subarachnoid hemorrhage. In humans it is an important cause of morbidity in patients who survive the first 48 to 72 hours after subarachnoid hemorrhage and is also the major cause of delayed neurological deterioration in survivors. 7,8,16-'8 Most of the experimental studies of the secondary effects of intracranial blood have been performed in adult animal models: dogs,19-2' monkeys,22-24 and cats. 25 Direct evidence of vasospasm is available for large cerebral arteries that can be visualized by angiography. Such angiographic evidence shows that chronic vasospasm of large cerebral arteries in adults develops 3 to 7 days after intracisternal19-2"26 or subarachnoid22-25,27 blood injection with a mean decrease in diameter to 15% to 70% of that in controls. Severe vasospasm produced significant decreases in regional cerebral blood flow in patients with subarachnoid hemorrhage and also resulted in changing brain metabolism. '8 The mechanism of vasoconstriction that occurs as a result of intracranial bleeding has been intensively studied in adult animal models but still remains unclear. It has been suggested that the mechanism of bloodinduced changes in the cerebral circulation represents a multifactorial process, which may include the direct effect of products released from the blood clot on exposed vessels. 16, 24 Eicosanoids are considered to be potentially involved compounds. '6 
